An aerobic, Gram-stain-negative, rod-shaped bacterium, designated strain CC-LY845 T , was isolated from the surface of rice straw in Taiwan. Cells were non-motile, and no flagellum was detected. Comparison of 16S rRNA gene sequences indicated that the strain was phylogenetically related to species of the genus Rhizobium, with closest similarity to Rhizobium pseudoryzae KCTC 23294 T (97.6 %), R. rhizoryzae KCTC 23652 T (97.0 %) and R. oryzae LMG 24253 T (96.7 %); other species showed lower levels of similarity (,96.6 %). The DNA-DNA relatedness of strain CC-LY845 T and R. pseudoryzae KCTC 23294 T was 34.8±3.1 % (reciprocal value 39.2±2.2 %). Phylogenetic analysis based on the housekeeping atpD and recA genes showed that the novel strain could be distinguished from R. pseudoryzae KCTC 23294 T (92.7 and 91.5 %, respectively) and other species of the genus Rhizobium. The temperature range for growth was 25-42 6C, the pH range was 5.0-9.0 and NaCl concentrations up to 4.0 % (w/v) were tolerated. Strain CC-LY845 T did not form nodules on four different legumes, and the nodD and nifH genes were not detected by PCR. The major fatty acids were C 16 : 0 and summed feature 8 (C 18 : 1 v7c/C 18 : 1 v6c). The polyamine pattern of strain CC-LY845 T showed spermidine and putrescine as major polyamines. The predominant quinone system was ubiquinone 10 (Q-10). The DNA G+C content was 68.3±2.4 mol%. Base on its phylogenetic, phenotypic and chemotaxonomic features, strain CC-LY845 T is proposed to represent a novel species within the genus Rhizobium, for which the name Rhizobium straminoryzae sp. nov. is proposed. The type strain is strain CC-LY845 T (5BCRC 80698 T 5JCM 19536 T ).
Members of the genus Rhizobium are traditionally considered as legume endosymbionts and have generally been isolated from nodules on leguminous plants. Large populations of rhizobia are found both in the bulk soil and in the rhizospheres of legumes and other plants (Schloter et al., 1997; Segovia et al., 1991; Sullivan et al., 1996) . Since the description of the genus Rhizobium to accommodate root and/or stem-nodule bacteria by Frank (1889) , there have been a number of revisions to its description and the addition of many novel species. More recently, novel species of the genus have also been found in different environments, such as Rhizobium selenitireducens and R. daejeonense isolated from bioreactors (Quan et al., 2005; Hunter et al., 2007) , Rhizobium cellulosilyticum from sawdust of Populus alba (García-Fraile et al., 2007) , Rhizobium oryzae from wild rice (Peng et al., 2008) and strains of Rhizobium alamii from the rhizosphere of sunflowers (Berge et al., 2009 ). Young et al. (2001) proposed new combinations for all species of Agrobacterium (Conn, 1942) and Allorhizobium undicola (de Lajudie et al., 1998) within the genus Rhizobium; the transfer of the species Agrobacterium rhizogenes, A. rubi, A. tumefaciens and A. vitis to Rhizobium was described. Nevertheless, Farrand et al. (2003) supported the position that the genus Agrobacterium is a proper name for this group of pathogenic rhizobial species. Recently, a novel genus 'Neorhizobium' was proposed as the result of an investigation of the phylogenetic relatedness of the Rhizobium galegae complex and members of the genus Agrobacterium (Mousavi et al., 2014) , although this name has not been validly published at the time of writing. IP: 54.70.40.11
On: Fri, 28 Dec 2018 03:53:29 agar (NA) and yeast extract-mannitol agar (YMA; Vincent, 1970a) by using serial dilution (10-fold dilutions) and incubated in darkness for 3 days. Cream-coloured colonies that appeared on YMA were picked up, purified and subcultured on YMA. The purified strain was preserved as a glycerol suspension (30 %, v/v) at 280 u C.
In order to clarify the taxonomic position of the novel strain, a polyphasic study including phenotypic characterization, phylogenetic analyses of the 16S rRNA, atpD and recA gene sequences, DNA-DNA hybridization, BOX-PCR fingerprinting and cellular fatty acid profiling was performed in comparison with reference strains of the genus Rhizobium. For taxonomic purposes, reference strains R. pseudoryzae KCTC 23294 T , R. rhizoryzae KCTC 23652 T , R. oryzae LMG 24253 T , R. paknamense NBRC 109338 T and R. leguminosarum BCRC 13517 T were purchased from the respective culture collection centres. For direct comparative analysis, all these strains were grown on YMA at 30 u C for 2 days, unless specified otherwise.
Colony morphology and the presence of flagella were investigated using cultures grown on NA and YMA for 72 h. Cell morphology was observed by transmission electron microscopy (JEOL JEM-1400) after staining with 0.2 % uranyl acetate as well as by light microscopy (model A3000; Zeiss) ( Fig. S1 , available in the online Supplementary Material). Gram-staining was performed as described by Murray et al. (1994) . Growth was tested using yeast extractmannitol broth (YMB) at 4, 10, 20, 25, 30, 37, 42, 45 and 50 u C and at pH 5-10 (in 1 pH unit increments). Salt tolerance was determined by cultivating the organism in YMB supplemented with NaCl at final concentrations of 0-5 % (1 % increments). Catalase activity was determined by assessing bubble production by cells in 3 % (v/v) H 2 O 2 and oxidase activity was determined by using 1 % (w/v) N,N,N9,N9-tetramethyl 1,4-phenylenediamine reagent (bioMérieux). Carbon source utilization patterns were determined by using the Biolog GN2 MicroPlate. Nitrate reduction, indole production, activities of b-galactosidase and urease, hydrolysis of aesculin and gelatin and assimilation of 12 substrates were tested with API 20 NE strips (bioMérieux). The activities of various enzymes were determined by using the API ZYM system (bioMérieux).
Strain CC-LY845 T could be distinguished from the reference strains R. pseudoryzae KCTC 23294 T , R. rhizoryzae KCTC 23652 T , R. oryzae LMG 24253 T and R. leguminosarum BCRC 13517 T based on utilization of N-acetyl-D-galactosamine, acetic acid, D-glucuronic acid, malonic acid, D-saccharic acid and L-asparagine and by negative reactions for trypsin and arginine dihydrolase in enzyme activity tests. A comparison of the phenotypic properties of strain CC-LY845 T and the type strains of related species in the genus Rhizobium is given in Table 1 . Detail phenotypic characteristics of strain CC-LY845 T are given in the species description.
Bacterial genomic DNA was isolated by using the UltraClean Microbial Genomic DNA Isolation kit (MO BIO) following the manufacturer's instructions. The extracted DNA was used as the template to amplify the 16S rRNA gene. The PCR was performed with bacterial universal primers 1F and 9R. Primers 3F, 6F and 4R were used for sequencing (Edwards et al., 1989) . Gene sequencing was performed by using the Bigdye terminator kit (Heiner et al., 1998) and the nucleotide sequence of PCR products were obtained by direct sequencing in an ABI 3730 Genetic Analyzer (Applied Biosystems). DNA sequences were then assembled using the Vector NTI 9.0 software (IBI). For identification, the almost-complete 16S rRNA gene sequence (1449 bp) of strain CC-LY845 T was uploaded to the EzBioCloud server (EzTaxon-e database; Kim et al., 2012) and the NCBI servers for BLAST search. Subsequently, closely related 16S rRNA gene sequences were retrieved from EzTaxon-e or GenBank and aligned by using the CLUSTAL_X version 1.83 program (Thompson et al., 1997) . Partial sequences of the housekeeping genes atpD and recA genes were determined using primers and methods described by Gaunt et al. (2001) . BOX-PCR fingerprinting has been applied widely for characterization and identification of bacterial strains (de Bruijn, 1992; Huber & Selenska-Pobell, 1994; Judd et al., 1993; Nick & Lindstrom, 1994; Nick et al., 1999) . The rep-PCR genomic fingerprints generated from bacterial isolates permit differentiation to the species, subspecies and strain level. BOX-PCR was performed by using the primer BOX (59-GATCGGCAA-GGCGACGCTGACG-39) and the procedure of Koeuth et al. (1995) . Amplified PCR products were separated by electrophoresis in 2.0 % (w/v) agarose gels and stained with ethidium bromide. Unique BOX-PCR fingerprints were observed for all test strains ( Fig. S2 ), indicating that they were not clones.
Comparison of the 16S rRNA gene sequence of strain CC-LY845 T revealed the highest similarity to R. pseudoryzae KCTC 23294 T (97.6 %), R. rhizoryzae KCTC 23652 T (97.0 %) and R. oryzae LMG 24253 T (96.7 %); other strains showed lower levels of similarity (,96.6 %) to strain CC-LY845 T . These similarity values suggested that strain CC-LY845 T could be considered to belong to a novel species, since sequence divergence values ¢3 % are seen as strong evidence that the organisms are not related at the species level (Stackebrandt & Goebel, 1994) . However, DNA-DNA hybridization is considered to be the standard method for species definition, and the recommended minimum value for strains of the same species is 70 % (Graham et al., 1991; Wayne et al., 1987) . DNA-DNA reassociation was conducted between strain CC-LY845 T and R. pseudoryzae KCTC 23294 T . Bacterial genomic DNA was isolated by using the UltraClean Microbial Genomic DNA Isolation kit (MO BIO) according to the manufacturer's instructions. DNA samples were loaded onto positively charged membranes as described by Seldin & Dubnau (1985) . Chromosomal DNA of strain CC-LY845 T and R. pseudoryzae KCTC 23294 T was used to construct hybridization probes by labelling with digoxigenin-11-dUTP (DIG). The experiment was carried out in triplicate for each sample. The DNA-DNA relatedness of strain CC-LY845 T and R.
pseudoryzae KCTC 23294 T was 34.8±3.1 % (the reciprocal value was 39.2±2.2 %). Using the established molecular criteria for species-level relatedness (Wayne et al., 1987) , strain CC-LY845 T shows DNA-DNA relatedness below the recognized threshold to type strains of the most closely related species, which supports its genomic distinction as a member of a separate species within the genus Rhizobium. In addition, according to the BOX-PCR fingerprinting result, all the test strains had unique BOX-PCR fingerprints, indicating that they were not clones.
Phylogenetic analysis was performed with MEGA 6 software (Tamura et al., 2013) and phylogenetic trees based on 16S rRNA gene sequences were reconstructed with the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) and maximum-parsimony (Fitch, 1971) methods and were evaluated by bootstrap analyses (Felsenstein, 1985) after 1000 replications. Regardless of different evolutionary comparisons, similar topology was obtained in all phylogenetic trees; strain CC-LY845 T fell within the cluster of the genus Rhizobium, and thus only the neighbour-joining tree is shown (Fig. 1 ). It indicates that some non-nodulating members of the genus Rhizobium form a clade within the genus Rhizobium. Strain CC-LY845 T forms a cluster with R. pseudoryzae KCTC 23294 T and R. oryzae LMG 24253 T ; R. rhizoryzae KCTC 23652 T , R. tarimense NRRL B-59556 T , 'R. halotolerans' AB21 and R. soli DS-42 T were independent from other individual clusters. In neighbour-joining trees based on atpD and recA gene sequences, strain CC-LY845 T formed a distinct phylogenetic lineage within the clade comprising species of the genus Rhizobium (Fig. S3 ).
Genes encoding acyltransferase and nitrogenase reductase were amplified in order to confirm the existence of sym genes. The nifH gene was amplified by PCR using the primer set FGPH19/PolR and the conditions were described previously by Poly et al. (2001) . Partial nodC (N-acetylglucosaminyltransferase) fragments were amplified by using primers and conditions described by Laguerre et al. (2001) Growth range Temperature ( u C) 25-42 25-37 10-40 a * 25-37 25-45 25-37 pH 5-9 5-10 6-11 a 4-9 4-10 5-10 NaCl (%, w/v) 0-4 0-6 0-4 a 0-4 (W) 0-2 ,2 Reduction of nitrate to nitrite 2 + 2 2 2 + Carbon source utilization Dextrin and Sarita et al. (2005) . PCR products for the nifH gene were not obtained using primers FGPH19/PolR and AQER/PolF. Kuklinsky-Sobral et al. (2004) reported that the nifH gene could not be amplified from some symbiotic bacteria, which might be due to variability of the nifH gene sequence (Zehr et al., 2003) . This could explain our failure to amplify the nifH gene from the novel strain.
To check for symbiotic properties, a nodulation test was carried out in flasks filled with vermiculite moistened with nitrogen-free plant nutrient solution (Vincent, 1970b) . Four legume plant species were selected: red bean (Vigna angularis), soybean (Glycine max Merr.), sesbania (Sesbania roxburghii Merr.) and alfalfa (Medicago varia Mart.). Seeds were surface-sterilized, germinated and inoculated with strain CC-LY845 T . The plants were grown at 25 u C in an artificial climate chamber. A symbiotic rhizobium strain CC-RB301 was inoculated to red bean as a positive control. Non-inoculated seedlings were used as negative controls Distances were determined and clustering was performed by using the neighbour-joining method with the software package MEGA version 6. Bootstrap values (.50 %) based on 1000 replications are listed as percentages at branching points. Filled circles indicate that the corresponding nodes were also recovered in the tree reconstructed based on the maximum-likelihood algorithm. Bar, 0.01 substitutions per nucleotide position. and were cultured under the same conditions. The experiment was carried out in triplicate for each plant. Strain CC-LY845 T did not form nodules after incubation for 6 weeks; furthermore, nodC and nifH genes were also not detected by PCR.
For analysis of the DNA G+C content, DNA samples were prepared and degraded enzymically into nucleosides as described by Mesbah et al. (1989) . The nucleoside mixtures obtained were then separated and analysed via HPLC [Hitachi L-2130 chromatograph equipped with a Hitachi L-2200 autosampler, Hitachi L-2455 Diode array detector and a reversed-phase C18 column (Phenomenex Synergi 4 m Fusion-RP80, 25064.60 mm)]. Isoprenoid quinones were purified according to Minnikin et al. (1984) and analysed by HPLC as described by Collins (1985) . Polyamines were extracted as described by Scherer & Kneifel (1983) and analysed by HPLC. The dansyl derivatives were separated by using a Hitachi L-2130 equipped with a Hitachi L-2200 autosampler, Hitachi L-2485 fluorescence detector (excitation at 360 nm and emission at 520 nm) and reversedphase C18 column (Phenomenex Synergi Fusion-RP80; 25064.60 mm, 4 mm particle size).
For extraction of fatty acid methyl esters, strain CC-LY845 T and reference type strains were cultured simultaneously on NA for 48 h at 30 u C (the type strains exhibited similar growth rates). Harvested biomass was subjected to saponification, methylation and extraction (Miller, 1982) . Fatty acid methyl esters were prepared, separated and identified according to the standard protocol (Paisley, 1996) of the Microbial Identification System (MIDI) (Sasser, 1990) by using a gas chromatograph (Agilent 7890A) fitted to a flame-ionization detector. Identification and comparison were made by using the Aerobe (RTSBA6) database of the MIDI System (Sherlock version 6.0).
The DNA G+C content of strain CC-LY845 T was 68.3± 2.4 mol%. The predominant quinone system was ubiquinone 10 (Q-10). The polyamine pattern of strain CC-LY845 T showed spermidine (2.2 pmol mg 21 ) and putrescine (1.8 pmol mg 21 ) as major polyamines, which was same as the reference strain R. pseudoryzae KCTC 23294 T (3.8 pmol mg 21 and 1.9 pmol mg 21 , respectively) and similar to R. paknamense NBRC 109338 T (predominance of spermidine, 3.6 pmol mg 21 ), but different from R. oryzae LMG 24253 T [predominance of putrescine (7.4 pmol mg 21 ) and sym-homospermidine (7.0 pmol mg 21 )] and R. leguminosarum BCRC 13517 T [predominance of symhomospermidine (4.6 pmol mg 21 )]. The major fatty acids in strain CC-LY845 T were C 16 : 0 (9.0 %) and summed feature 8 (C 18 : 1 v7c/C 18 : 1 v6c; 68.0 %). The fatty acid profile of strain CC-LY845 T is compared with those of the reference strains in Table 2 .
Based on its distinct phylogenetic, phenotypic, biochemical and chemotaxonomic properties, strain CC-LY845 T is proposed to represent a novel species within the genus Rhizobium, for which the name Rhizobium straminoryzae sp. nov. is proposed.
Description of Rhizobium straminoryzae sp. nov.
Rhizobium straminoryzae (stra.mi.no.ry9zae. L. neut. n. stramen -inis straw; L. fem. n. oryza rice; N.L. gen. n. straminoryzae of rice straw).
Cells are Gram-stain-negative, rod-shaped, 3.2-3.5 mm long and 1.3-1.5 mm in diameter. Colonies are circular, smooth and cream-coloured after 2 days of incubation on YMA. Grows at 25-42 u C and pH 5.0-9.0 and tolerates NaCl at up to 4 % (w/v). Oxidase-and catalase-positive. The following carbon sources are utilized in the Biolog GN2 system: dextrin, N-acetyl-D-galactosamine, N-acetyl-D-glucosamine, adonitol, L-arabinose, D-arabitol, cellobiose, D-fructose, L-fucose, D-galactose, gentiobiose, a-D-glucose, myo-inositol, lactose, lactulose, maltose, D-mannitol, Dmannose, melibiose, methyl b-D-glucoside, D-psicose, raffinose, L-rhamnose, D-sorbitol, sucrose, trehalose, turanose, xylitol, pyruvic acid methyl ester, succinic acid monomethyl ester, acetic acid, cis-aconitic acid, citric acid, D-galactonic acid lactone, D-galacturonic acid, D-gluconic acid, D-glucuronic acid, a-hydroxybutyric acid, b-hydroxybutyric acid, p-hydroxyphenylacetic acid, a-ketobutyric acid, a-ketoglutaric acid, DL-lactic acid, propionic acid, quinic acid, succinic acid, bromosuccinic acid, succinamic acid, L-alaninamide, D-and L-alanine, L-alanyl glycine, Lasparagine, L-glutamic acid, glycyl L-aspartic acid, glycyl Lglutamic acid, L-histidine, hydroxy-L-proline, L-ornithine, L-proline, L-pyroglutamic acid, c-aminobutyric acid, urocanic acid, inosine, uridine and glycerol. Alkaline phosphatase, acid phosphatase, esterase (C4), esterase lipase (C8), *Summed features represent groups of two or three fatty acids that cannot be separated by GLC with the MIDI system. Summed feature 2 consists of C 14 : 0 3-OH/iso-C 16 : 1 I; summed feature 3 consists of C 16 : 1 v7c/C 16 : 1 v6c; summed feature 8 consists of C 18 : v7c/C 18 : 1 v6c.
leucine arylamidase, valine arylamidase, cystine arylamidase, naphthol-AS-BI-phosphohydrolase, a-galactosidase, b-galactosidase, a-glucosidase, b-glucosidase and N-acetylb-glucosaminidase are present in the API ZYM system. Negative for nitrate and nitrite reduction. Assimilates D-glucose, L-arabinose, D-mannose, D-mannitol, N-acetylglucosamine, maltose, potassium gluconate, malic acid and trisodium citrate in the API 20NE system. The fatty acid profile contains C 16 : 0 and summed feature 8 (C 18 : 1 v7c/C 18 : 1 v6c) as the major components. The polyamine pattern shows putrescine (1.8 pmol mg 21 ) and spermidine (2.2 pmol mg 21 ) as major polyamines. The predominant quinone is ubiquinone 10 (Q-10).
The type strain, CC-LY845 T (5BCRC 80698 T 5JCM 19536 T ), was isolated from rice straw in Taiwan. The DNA G+C content of the type strain is 68.3±2.4 mol%.
